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Many ef the ethical,‘legal, and teehnical problems aseociated with
' . . . “
rroviding a new heart to a dying patient have been overcome and many cardiac
homotransplantations have been.ﬁerformed successfully in man. The poor
long term survival of these patlents is related to the immunologic regectlom
(process. This relatlonshlp may be direct with the reJectlon damag1n° the

myocardium so extensively that the organ cannot function adequately. More
‘often, however, the patient succumbs to overwhelming infection while on

- Immunosuppressive medication which is given to prevent or modify the rejection

process. "The aim in long term management then is to keep a balance between

&
<

; tée threats of iﬁfectibn and rejection by using the loweei doeagé'of immuno-

~ suppressives.which permit the patient to teletate the foreige tissue. Ex-~

éerimental and clinical data suggest that éhe aeute rejection process is most

-;eesily aborted with the least residual damage wﬁé£ large dose immﬁnosuppres"
éiﬁes,are given in‘the earliest phases of the rejeceion episode (1—45. The
detection of tﬁe earlier stages of'en ecute‘rejectiog episodefcontinues to be
an important p;oblem.. The need to detect this rejection process at its in-
eepfion before_irreversiile changes appear suggested to us ehe use of pulsed
reflected ultrasound for evaluating:the movements of the Qalls end thelr
thickness in %he transplanted hearts of our patients posteperatively.
| These'studies déal with twelve patients receiviné cardiac transplantation
at S;anfdrd University Hospital from June 1968 until July 1969. The criteria

'fbf‘rejection by which the ultrasound data were judged included'repeated
clinical examinatioes, phonocardiography to document gallops ana rubs, summation
of QRS voltage in a standard set of electrocardlographlc leads, eplnardlal ECG

. voltage, serial determlnatlons of numerous serum enzymes and serial chest X«rays_

" In our experience a2 rapid drop in QRS voltage, development of an early diastolic



gallop, and changes detected by ultrasonic cardiac echograms (CEG) have been

.the earliest reliable sigps of rejection.
Tﬁe cardiac echograms were obtained at fhg Bedside beéinning with the

second postoperative déy oxr when 'the records were adequate for analysis, The

vechogra@s were made with the transducer placed'in the thifd or fourth inter-

costal space at the left sternal border and directed to record echoes from the

‘anterior cardiac-wall, interventricular septum, and left ventricular posterior

v .

wall just below the mitral valve. Transducer position was marked on the chest
wall with indelible ink while the patients were in the hospital and sterile
graphite was injected subcutaneously to mark transducer position prior to the

patients leaving the hospital. Figure 1 shows the type of record used for

$
.

hnalysis aﬂd is identical to that described previousiy for measurement of left
'Qentriéylar Qosterior wall thickness and éhamber size (5, 6). Overall cardiac
‘f}éiémeter (AW-PW) from the anterior cardiac wall to the pericardial surface of
Atﬁehiéft §éntriéular posterior wall; posterior Qall thickness (PWT) from the
bpeficardial gu;féce of the left ventricular posterior wall to its endocardial
‘surface, ieft ventricular intefnal diameter (LVIDf from the endocardial surface
of the left ventricular posteribr wall to the left éide of.thé in;ervenﬁricular
septum, and right ventricular diameter (RVD) from the right side of the inter-
_'yentricular septum to the anterior cardiac wall or deepest chest wall echoes
" were determined from the ;chogfams (sée Fig. 1). In adaition,.the mean vel-
ocity and total amplitudé of the pericardial echo during systole was measured
in fhe patients later in the series.

These varioﬁs measurements were quite reproducible and.vari;d only a
few millimeters over a prolonged period of time when the patients were in a

stable state. This was best shown in a patient who was followed for four months

- .

without any sign of rejecﬁion but who finally died of fulminant serum hepatitis.
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'In this patient the echographic parameters varied little'throﬁghout her course
and there were no sudden changeé. It is of note that the PWT measured at
necropsy was the same as that measured from tﬁe echogram on the day of death.

,Figure'Z shows the type of cbanges that are seen in the'echogram duriﬂg
acuté,rejection. The baseiine record (left panel, Fig. 2) was taken on the
‘gecond postoperative day with the patient clfnically well, haviné normal vital
éigns;Aaqd not on.positive inotropic agents. The foufth postoperative day
~ there waé a sudden drop in QRS voltagevof_the'ECG and the PWT had increased
By 4 mm. since the baseline record? Rightward axis shift of the ECG‘eccured
- later tﬁe s§pé day cgincidépt with gn‘increase in thé RVD of 3 mm. By post4
operaﬁive day nine the patiént was in a:state of clinical shock—despite'massive
;mmunosuppressive and cardiac iﬁofropic tgeréby.' The increase in the PWT,
RVE, AW—PW, énd decreased left ventricular posterior wéll motion can be seen
-in _the right panel of Fig. 2. It is of interest that the adminisﬁration of
isoprotérehol caused an increase in Fhe amplitude and Velocity of mo;ion of =
the posterior wall echo. The echographic PWT on postoperativé day eleven was
- tﬁe same as that measured at necropsy later that day. The right heart was
‘dilated and the myocardium showed a severe inflammatory reaction with edema,
»érteritis, and platelet thrombi in the small vessels. |

Another case iilustrates fhe changes in left ventricular‘posterior wall

motion more cléarly. The patient was recovering normally through the second

postoperative day but showed a decreased QRS voltage and ectopic atrial beats

-

- Ve o
on the morning of the third postoperative day. This was followed within 3
twenty-four hours by the appearance of an early diastolic gallop,:right axis L

shift of the ECG, and elevated jugular venous pressure. After three days of
increased steroid dosage and actinomycin-D the heart size began to decrease on

~ X-ray, the ECG returned toward the baseline measurements and the pa&iént
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improved élinically. The acﬁte changes and their ievexsal with therapy estab-
lished the diagnosis of rgjection firmly in tpis patient. %The sequence of
echograms in Figure 3 shows theudecreaéed left ventricular posterior wall
velo;ity and amplitude, and increased hearf size seen with rejection, and

the reversal of these changes after therapy. |

The same type of changes as seen in another patient are shown by repre~i
. sentative echograms in Figure 4. The donor heart had pre-existing right bunf
4,-‘dle brgnch block and unfortunately a uniform ECG lead was not used in this set

ofnrecords. ﬁith rejection the PWf, RVD, and AW-PW ingreaﬁe, and the posterior

A “wall ﬁotion.decreases. With successful tﬁgrapy these changes are reversed.
,"Thié patient's postoperative cLurse is summarized iﬁ Figure 5. Note the
: ;ﬁarp changés in the RVD and AW-PW at the timé there is an abrupt drop in
the QRé voltage. In this case an increase in the PWT could not be appreciated
f;ﬁﬁtil tﬂé next day.
"’ige coursé of another patienf_ié summarized in Fiéure 6. Here fhe PWT
increaséd at £he time'the QRS voltagé droppéd, there was an increase in AW-PW
.. ‘and RVD at the time of a right axis shift. Therapy caused a temporary reversal,
but the PWI,AW-PW, and voltage again changed after steroid aosage was reduced.
Tﬁe patient was re-treated later with final shift of all parameteré toward
. baseline levels. But note that the axis stayed stable'after the initial ther-
~ - apy as did ﬁhe RVD. At the time éf this presentation this patient is fourteen
| mo?ths post-transplantation and doing well.‘
Our findings are summarized in Table 1. We have attempted to cofreiate
the objective findings, using various methods, with the.sequence ;f pathologic
.processes which occur during.acute rejection. Thevrejection reaction seems

. s

to progress through stages of cellular infiltration, with endothelial injury

-

-t .



-5-

‘ and edeﬁa fbrmation, followed by stasis and thrombosis in the capillaries and
venules, with acute arteritis, gné finally severe nwocellﬁiar necrosis with
hemorrhagic‘foci. Vie belie&e that we'are able to detect the process at its
- énset and by gsing proper therapy, hopefully we aQoid_the more destructive
advénced s£ages. Thig enables us to maintain oﬁr patients on decreasing dosage
;f.iﬁmunosuppréssives‘in‘order to diminish Fhe cﬁancés of sévefe an§ life
tﬁreatening infeé?ions. This_project using ulfrasoqic techniques hés had
se&éral results. The changes seen4in the eEﬁograms are among the earliest
détectable by the présent meadns and thus the CEG continues to be used in
following sgch patienfs at Stanford. Also, we’ﬁave convinced ourselves that
rapidly occprring and fiﬁé éhanges in cardiac measurements can be reliably ob-
?ervéd with the CEG. And finail&, this studylhés helped to confirm the pre-
kvious‘theorefical explanatioﬁs of such findings as decreased QRS voltage and
_ ' fight-a£is shift~seen during rejection by providing an in vivo correlation

of these events with changes in cardiac anatomy .
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LEGENDS:

"Figure 1:

Figure 2:

.

e Figuré 3:

-Figure 4:

;,JEigure-Si'

(T

Figure 6

- pred = methylprednisilone..

. (See Text)

Echogram taken on the fourth postoperative day,ACW = anterior chest wall:

AwgPW = gverall hea;t diameter; RVD = right veﬁtricular diameter; ’
IVS = interventricuiar septum; LVD = left ventricular diameter; PWT =

.posterior wall thicknéss; L = lung; EKG = electrocardiogram (See Text)
Baséline echogram on postoperative day two. Echogram on postoperative
day nine during acute rejection (See Text)

Echogréms of the pericardial echo only with a superimposed scale of

- tissue distance. Baseline study on postoperative day two, during

rejection on postoperative day four, and after reversal of rejection

£ -
- on postoperative day seven. ’ : '

Echograms prior to rejection, during rejection, and after reversal of

:fejection (See Text).

-

Postoperative course of the patient shown in Figure 4 (See Text)

Postoperative course showing partially treated or recurrent rejection.
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